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ABSTRACT 

In the event t h a t  air is used as a Cl'd cabin pressurant 
at launch a procedure will be required to change the cabin 
atmospilere to a higher oxygen composition in flight. The trade- 
offs available for selectin5 a feasible procedure are discussed. 
The constraining parameters appear to be the percent of oxygen 
required, depressurization level, repressurization flow rates, 
time and oxygen system weicht available. 

I.;ithin the capabilities of the existing envirornental 
system optional methods for changing cabin atmosphere include 
complete depressurization, partial depressurization and no 
depressurization. For each method certain constraining para- 
meters are compromised more than others. Selection of the 
rneth~6 that most enhances mission safety and op~rational c a p a -  
bility requires determination of the relative criticality of the 
affected constraints. O n l y  an indication of the sensitivity of 
various constraints to different procedures is discussed here. 

One very reasonable method involving possibly acceptable 
trade-offs in constraining parameters is presented. The technique 
includes partial depressurization (to about 2 psia) followed by 
repressurization and purging. 
achieved by T+95 minutes. Part of the gaseous oxygen supply is 
used (2.2 pounds) plus some from cryogenic storage (10 pounds). 
Unless one constraint becomes much more critical than the others, 
a procedure such as the above may become the optimum. 

An 85% oxygen composition is 
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

I f  a i r  i s  used a s  a CM c a b i n  p r e s s u r a n t  a t  l a u n c h ,  a 
change o f  c a b i n  a tmosphere  w i l l  be r e q u i r e d  i n  f l i g h t  t o  i n c r e a s e  
t h e  oxygen c o n t e n t .  The t r a d e - o f f s  r e q u i r e d  to make a s e l e c t i o n  
o f  a p r o c e d u r e  f o r  changing  from a i r  t o  oxygen i n  t h e  CM c a b i n  
are d i s c u s s e d .  I t  i s  assumed t h a t  t h e  e x i s t i n g  s y s t e m  i s  used  un- 
changed e x c e p t  t h a t  a i r  i s  used  as a c a b i n  p r e s s u r a n t  a t  l a u n c h .  

The p e r t i n e n t  e x i s t i n g  e n v i r o n m e n t a l  c o n t r o l  c a p a b i l i -  
t i e s  i n c l u d e  t h e  gaseous  oxygen s t o r e d  i n  t h e  s u r g e  t a n k  and t h r e e  
one-pound r a p i d  r e p r e s s u r i z a t i o n  b o t t l e s ,  t h e  c a b i n  r e p r e s s u r i z a -  
t i o n  v a l v e s  and t h e  c ryogen ic  oxygen s u p p l y .  It i s  assumed t h a t  
t h e  u s a b l e  gaseous  oxygen supp ly  t o t a l s  about  5 . 6  pounds,  2 . 2  
pounds of which are  a v a i l a b l e  from t h e  t h r e e  one-pound b o t t l e s .  
The c r y o g e n i c  oxygen supply  i s  a v a i l a b l e  a t  a r a t e  up t o  8 . 2  
pounds p e r  hour  ( l i m i t e d  b y  f low r e s t r i c t o r s ) .  The normal  c a b i n  
r e p r e s s u r i z a t i o n  v a l v e  used i n  a manual mode has a flow r a t e  of  
a b o u t  0 .12  pounds p e r  minute  ( 7 . 2  pounds pe r  h o u r )  and t h e  
emergency c a b i n  r e p r e s s u r i z a t i o n  v a l v e  has a f low r a t e  o f  abou t  
0 . 6 7  pounds p e r  minute  ( 4 0  pounds p e r  h o u r )  f o r  one s i d e .  It 
i s  f u r t h e r  assumed t h a t  t h e  gaseous  oxygen ( a t  l e a s t  t h e  2 . 2  
pounds for r a p i d  r e p r e s s u r i z a t i o n )  can  be  used a t  t h e  emergency 
r e p r e s s u r i z a t i o n  r a t e  and t h a t  t h e  c r y o g e n i c  supp ly  can  b e  used  
a t  t h e  normal  c a b i n  r e p r e s s u r i z a t i o n  r a t e .  

The f e a s i b i l i t y  of p r o v i d i n g  t h e  n e c e s s a r y  f u n c t i o n s  
i s  e s t a b l i s h e d  b a s e d  on oxygen a v a i l a b i l i t y  ( q u a n t i t y  and f low 
r a t e s )  and n e c e s s a r y  c o n t r o l s .  No a t t e m p t  i s  made t o  p r e d i c t  
t h e  e f f e c t  on e x i s t i n g  tasks  or t i m e  f o r  n e c e s s a r y  c o n t r o l s .  
The p r o c e d u r e s  d i s c u s s e d  a r e  s t a r t e d  d u r i n g  t h e  a s c e n t  phase  t o  
e n a b l e  t h e  e a r l i e s t  comple t ion .  

DISCUZSION 

The p a r a m e t e r s  of c a b i n  a tmosphere  changing  t e c h n i q u e s  - 
t h a t  most c o n s t r a i n  t h e  change p rocedure  i n c l u d e :  

1. F i n a l  p e r c e n t  of  oxygen r e q u i r e d  i n  t h e  c a b i n ;  
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2. The minimum depressurization level; 

3 .  The O2 flow rate for repressurization; 

4. The time available for change over; 

5. The weight allowance and oxygen available. 

The cabin atmosphere change methods available with 
the existing system include: 

1. Depressurization to zero and repressurization to 
5 psia; 

2. Partial depressurization to a level between zero 
and 6 psia and repressurization to 5 or 6 psia; 

3. No depressurization, purge only at 6 psia. 

The method of depressurizing to zero was evaluated 
by MSC and found to be feasible if certain adverse effects are 
acceptable. ( l y 2 )  The cabin pressure is reduced to nearly zero 
(<1 psia) and the cabin is repressurized to 5 psia using all 
available gaseous oxygen plus that additional r e q u i r e d  from the 
cryogenic supply. The dump and repressurization procedure 
duration is 30 minutes and the effect on the timeline is an 
addition of 20 minutes. The adverse effects include the effect 
on the timeline, the low cabin pressure (temporarily about zero), 
and the depletion of the gaseous oxygen supply. The major ad- 
vantages include minimum oxygen required, relatively short time 
for the process and a high final oxygen content. 

The criticality of a particular constraint may be the 
determinant in selecting a procedure. For  example, if time is 
most critical and the procedure must be completed early, e.g., 
by a first translunar injection ( T L I )  opportunity of T+5O 
minutes, the only feasible method is to depressurize and repres- 
surize rapidly using all available gaseous oxygen. By using 
oxygen purging data from a prior study on atmosphere enrichment 
it is possible to determine general sensitivities to varying the 
constraining values. ( 3 )  
variations of importance is obtained from the design reference 
mission, e.g., if completion is required prior to T L I ,  one T L I  
opportunity of interest is T+95 minutes as used for the design 
reference mission. (') 
be accomplished with the existing spacecraft capabilities. 

Also,  some guidance on the time 

The following examples indicate what can 
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I f  some t r a d e - o f f  i s  a v a i l a b l e  i.n t h e  c o n s t r a i n i n g  
p a r a m e t e r s ,  a compromise p rocedure  based on r e a s o n a b l e  
c o n s t r a i n t s  i s  f e a s i b l e .  For i n s t a n c e ,  a p a r t i a l  d e p r e s s u r i -  
z a t i o n  method based  on t h e  f o l l o w i n g  c o n s t r a i n t s  i s  f e a s i b l e .  
The c o n s t r a i n t s  a re  n e g o t i a b l e ,  b u t  t h e  v a l u e s  l i s t e d  a p p e a r  
t o  b e  about  t h e  minimum a c c e p t a b l e :  

1. Change from a i r  t o  85% oxygen ( a t  about  6 p s i a ) ;  

2 .  D e p r e s s u r i z e  t o  2 p s i a ;  

3.  P a r t i a l  r e p r e s s u r i z a t i o n  a t  r a p i d  f low r a t e  ( 0 . 6 7  
l b s / m i n ) ,  m a i n t a i n  f u l l  s u r g e  t a n k  f o r  subsequen t  
p r o t e c t i o n  f o r  c a b i n  p u n c t u r e ,  comple te  t h e  
r e p r e s s u r i z a t i o n  a t  low f low r a t e  ( 0 . 1 2  l b s / m i n ) ;  

4 .  Complete t h e  p r o c e s s  i n  t ime  f o r  a T L I  a t  T+95 
minu tes  ; 

5 .  A v a i l a b l e  oxygen i n c l u d e s  abou t  2 . 2  l b s  gaseous  
( f rom r a p i d  r e p r e s s u r i z a t i o n  s y s t e m )  and t h e  
c r y o g e n i c  oxygen i n  t h e  SM. 

Wi th in  t h e  above c o n s t r a i n t s  t h e  f o l l o w i n g  p r o c e d u r e  
a p p e a r s  p o t e n t i a l l y  f e a s i b l e .  T h e  c a b i n  d . e p r e s s u r i z a t i o n  c y c l e  
s t a r t s  as e a r l y  d u r i n g  a s c e n t  as p r a c t i c a l  a f t e r  c a b i n  p r e s s u r e  
has s t a b i l i z e d  a t  6 p s i a ;  t h i s  would be abou t  T+5 m i n u t e s .  D e -  
p r e s s u r i z e  t o  3 p s i a  and check s u i t s ;  c o n t i n u e  t o  2 p s i a  and 
s t a b i l i z e  t o  check c a b i n .  Open t h e  r a p i d  r e p r e s s u r i z a t i o n  
b o t t l e s  and dump c o n t e n t s  o f  abou t  2 . 2  l b s  o f  oxygen i n t o  t h e  
c a b i n ,  b r i n g i n g  t h e  c a b i n  p r e s s u r e  up t o  about  3 . 3  p s i a  by 
T+8 m i n u t e s .  C lose  t h e  r a p i d  r e p r e s s u r i z a t i o n  v a l v e  and open 
t h e  normal  c a b i n  r e p r e s s u r i z a t i o n  v a l v e .  The c a b i n  w i l l  
c o n t i n u e  t o  r e p r e s s u r i z e  at a low f low r a t e ,  a c h i e v i n g  f u l l  
p r e s s u r e  of 6 p s i a  ( w h e r e  t h e  r e l i e f  v a l v e  opens and p u r g i n g  
s t a r t s )  a t  a b o u t  T + 4 5  minutes  ( b u t  on ly  a t  7 4 %  oxygen) .  
Con t inue  t h e  purge  u n t i l  about  T + 9 5  m i n u t e s ,  a t  which t ime  t h e  
c a b i n  gas a n a l y z e r  s h o u l d  i n d i c a t e  85% oxygen i n  t h e  c a b i n .  
The pu rge  can  t h e n  b e  d i s c o n t i n u e d .  The p r e s s u r e  p r o f i l e s  f o r  
t h i s  p r o c e d u r e  are  shown i n  F i g u r e  1 b y  t h e  d e p r e s s u r i z e - t o - 2 -  
p s i a  c u r v e s .  

If f u r t h e r  compromise o f  one or more c o n s t r a i n t s  i s  
a c c e p t a b l e ,  a d d i t i o n a l  r e l i e f  can  b e  p r o v i d e d  f o r  a n o t h e r  con- 
s t r a i n t .  For example ,  i f  it i s  d e s i r e d  n o t  to d e p r e s s u r i z e  
and more .time i s  a v a i l a b l e ,  abou t  85% oxygen cou ld  be  a c h i e v e d  
by T+140 m i n u t e s  ( t h e  n e x t  T L I  o p p o r t u n i t y )  w i t h o u t  u s i n g  t h e  
g a s e o u s  oxygen s u p p l y .  I n  a d d i t i o n ,  i t  i s  p o s s i b l e  t o  a c h i e v e  
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about 74% oxygen by a T L I  opportunity of T+95 minutes as shown 
in Figure 1 for the no-depressurization (6 psia) case. 

Also  shown in Figure 1 are repressurization curves 
for the complete depressurization case. Kepressurization from 
0 to 5 psia curves are shown with or without a period of rapid 
repressurization. It is seen that by depressurizing to zero 
and repressurizing from cryogenic supplies alone it is possible 
to achieve 100% O2 at a pressure of 5 psia by,about 73 minutes. 
If the 2.2 pounds of gaseous oxygen in the rapid repressuriza- 
tion system is also used, 100% O2 at 5 psia is reached about 15 
minutes earlier. This time can be further shortened by using a 
little more than the 2.2 pounds of gaseous oxygen. 

Some of the relative trade-offs in terms of time, 
weight and oxygen content for three methods of cabin enrichment 
are shown in Table 1. 

CONCLUSION 

Cabin atmosphere enrichment can be accomplished using 
complete, partial, or no depressurization. The existing system 
is compatible with a wide choice of enrichment procedures. De- 
terminant  constraint,^ appear t . ~  he time, pressure levels , --=---+ p c i  L C I L  c, 

oxygen and available oxygen. 

completion of the process must occur early (<T+1 hour) signifi- 
cant depressurization and use of some gaseous oxygen is 
necessary. However, if completion can be delayed (until about 
T+3 hours) or if only about 85% oxygen purity is required prior 
to TLI, the procedure does not necessarily require depressuriza- 
tion or use of the gaseous oxygen supply. 

If a high purity of oxygen is required (>95%) or if 

Selection of the most acceptable method of enriching 
the cabin atmosphere (with respect to optimizing mission safety 
and operational capability) requires determination of the rela- 
tive criticality of the affected constraints. Unless one 
constraint becomes much more critical than the others, a com- 
promise procedure involving partial depressurization and less 
than 100% oxygen may become the optimum solution. 

2031-RDR-jcd 
@qTd R. D. a mond 

Attachments 
'Table 1 
Figure 1 
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